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(54) SEMICONDUCTOR DEVICE 
(57)Abstract: 

PURPOSE: To provide a semiconductor device with 
which a read-out operation can be conducted accurately. 



CONSTITUTION: When a write operation is conducted, 
high voltage is applied to a source 2, and a channel 8 is 
formed by electrons jumped out to a drain 4 from the 
source 2. When low voltage is applied to a selection gate 
20, an electric field is concentrated between a selection 
gate 14 and a substrate 1 , a part of electrons are turned 
to hot electrons, and it is attracted toward a control gate 
14 where high voltage is applied. The attracted hot 
electrons are trapped to the side of the source 2 of a 
nitrogen film 10, and information is written. When a read 
operation is conducted, a depletion layer 100 is spread 

in the vicinity of a drain 4 by the application of high voltage, but does not reach the point 
where information is written. Accordingly, whether electrons are trapped (information is 
written) by the nitrogen film 10 can be detected accurately. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of . this translation . 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.** * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device by which it is having-side conductive layer which insulated with 
field which can be cable run formed, was prepared on [ by the side of the control electrode prepared on 
the trap film which was prepared in the source field prepared in the substrate, and a substrate, and be 
prepared so that the field which can be cable run formed may form a source field and in between, and 
which be prepared on a field, and a trap film, and the source ] field, insulated with control electrode on 
the side of control electrode, and was prepared in it 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to read-out of the data of a semiconductor device. It is 

especially related with exact-ization of read-out. 

[0002] 

[Description of the Prior Art] Generally, as a trap film of trap type semiconductor memory, the ONO 
film (Oxide-Nitride-Oxide) film is used. O film of this ONO fihn is an oxide fihn, and an insulator 
layer. On the other hand, N film is a nitride and is an electric conduction film. In addition, N film which 
is an electric conduction film is inserted into O layers which are oxide films. In the case of writing, an 
electron is led to this N film. 

[0003] The cross section of the trap type memory which used the ONO film for drawing 9 A and 9B is 
hung up, and the writing and elimination of data are shown and explained. The source 2 and the drain 4 
are formed in the substrate 1 at the trap type memory 200. The ONO film (the [ lO film 8, the N 
(nitriding) film 10, and ] 20 films 12) is formed between this source 2 and the drain 4, and the control 
gate 14 is formed in the upper part. 

[0004] The outline of the write-in principle of this trap type memory 200 is explained using drawing 9 
A. At the time of writing, a channel is formed by an electron being emitted to a drain 4 firom the source 
2. The trap of a part of this emitted electron is carried out to the N (nitriding) film 10 near the drain as a 
hot electron. If the trap of the electron is carried out to the N (nitriding) film 10, the threshold voltage of 
a control gate voltage required in order to form a channel will become large. Thus, it is called the state 
where the state where the threshold became large was >yritten in "1." On the other hand, the trap of the 
electron is not carried out but it is called the state where the state where a threshold is still small is 
written in "0." 

[0005] On the other hand, in elimination, it is impressing negative voltage to the control gate 14, and 
impressing positive voltage to a drain, and the negative electron which led the electron hole to N film 
and was poured into it is neutralized (refer to drawing 9 B). In addition, read-out can read that "1" is 
written in, if sense voltage (mean value in case a trap is not carried out to threshold voltage in case the 
trap of the electron is carried out) is impressed to the control gate and a channel is not formed. 
Moreover, if a channel is formed, what (it is "0") "1" is not written in for can be read. Thus, in trap type 
memory, writing, elimination, and read-out of " 1 " can be performed fi-ee. 
[0006] 

[Problem(s) to be Solved by the Invention] However; there were the following problems in the 
conventional trap type memory. With conventional equipment, as explained using drawing 9 A, the trap 
of the electron was carried out to the drain 4 side of the N (nitriding) film 10 by hot-electron pouring on 
the occasion of writing. Moreover, the electron by which the trap was carried out to the drain 4 by 
impressing comparatively high voltage was read at the time of read-out. However, if the high voltage is 
impressed to a drain 4, as shown in drawing 9 B, a depletion layer 100 will be formed in the substrate 1 
of the drain 4 circumference. 
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[0007] This depletion layer 100 spreads, and if even the part where the trap of the electron is carried out 
is arrived at, in spite of not forming the channel in fact, it will be in the same state as the case where a 
channel is formed. That is, since a channel will be formed even when the trap of the electron is carried 
out to the N (nitriding) film 10 and a channel originally is not formed, it will be detected if "1" is not 
written in. When conventional equipment was used, the depletion layer 100 spread at the time of read- 
out, and it was impossible thus, to perform exact read-out. 

[0008] Then, this invention aims at offer of the semiconductor device which can perform exact read-out 
[0009] 

[Means for Solving the Problem] The semiconductor device conceming a claim 1 is formed in the 
source field prepared in the substrate, and a substrate. The trap film which was prepared so that the field 
which can be cable run formed might be formed a source field and in between and which was prepared 
on [ which can be drain field cable run formed ] the field. It is characterized by having the side 
conductive layer which insulated with the field which can be cable run formed, was prepared on [ by the 
side of the control electrode prepared on the trap film, and the source / which can be cable run formed ] 
the field, insulated with the control electrode on the side of a control electrode, and was prepared in it. 
[0010] 

[Function] In the semiconductor device conceming this invention, a side conductive layer insulates with 

the field which can be cable run formed on [ by the side of the source / which can be cable run formed ] 

a field, and it insulates with a control electrode on the side of a control electrode, and is prepared. 

[001 1] Therefore, a source side is not reached, even if the high voltage is impressed to a drain side and a 

depletion layer spreads, since it is writing in by the source side. 

[0012] 

[Example] One example of the trap type semiconductor memory conceming this invention is hvmg up 
over drawing 2 B, and the structure is explained. In the P type substrate 1, the drain 4 as the sovirce 2 
which is a source field, and a drain field is formed, and the first oxide film 8 as a trap film, the N 
(nitriding) film 10, and the second oxide film 12 are formed on the substrate 1 (let three layer 
membranes of this first oxide film 8, the N (nitriding) film 10, and the second oxide film 12 be the ONO 
films 30 below). The oxide film 16 is formed so that the control gate 14 which is a control electrode may 
be formed on this ONO film 30 and the control gate 14 and a substrate 1 may be covered. The selector 
gate 20 as a side conductive layer is formed in the side of the control gate 14, and the interlayer fihn 18 
is also formed so that the control gate 14 and a substrate 1 may be covered. Furthermore, the bit line 
(drain wire) 25 is formed on the interlayer film 18. 

[0013] Next, the outline of trap type semiconductor memory of operation shown in drawing 2 B is 
explained using drawing 1 . It writes in drawing 1 A £ind the operating state at the time is hung up. In the 
trap type semiconductor memory conceming this example, it is impressing the high voltage to a drain 4 
side and the control gate 14, and impressing OV to the source 2, and an electron elutriates of the source 2 
to a drain 4, and the channel 80 as a field which can be cable run formed is formed between the source 2 
and a drain 4. Here, the voltage of the grade from which a substrate 1 will be in ON state exactly is 
impressed to the selector gate 20 prepared in the source 2 side. By impressing such voltage, electric field 
concentrate between a substrate 1 and a selector gate 20. The electron which elutriated of the source 2 
serves as a hot electron by the electric field currently concentrated. Since the high voltage is impressed 
to the control gate at this time, the trap of a part of hot electron is carried out to the source side of the N 
(nitriding) film 10 in an ONO film. The state where the trap of this electron was carried out to the N 
(nitriding) film 10 is in the state where "1 " was written in. 

[0014] The case where the electron by which the trap was carried out to the N (nitriding) film 10 is read 
is hung up, and drawing 1 B is explained. As mentioned above, the trap of the electron is carried out to 
the source 2 side of the N (nitriding) film 10. Therefore, even if it impresses high voltage to a drain 4 in 
the case of read-out, a depletion layer does not reach the part where the trap of the electron is carried 
out. That is, as shown in drawing 1 B, even if a depletion layer 100 spreads near the drain 4, it does not 
spread even in the source side of the N (nitriding) film 10, and an electron becomes possible [ detecting 
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correctly whether it is that the trap is carried out ("1" is written in) ] at the N (nitriding) fibn 10. In 
addition, elimination is performed by emitting the electron by which the trap was carried out to a 
substrate 1. 

[0015] Next, it explains using the equal circuit which shows the detail of the trap type semiconductor 
memory of this example of operation to drawing 8 . Here, information is written in for a cell CIO, and it 
considers as the selection cell which performs elimination and read-out, and let other cells (cells C20, 
C30, and C40) be non-choosing cells ( drawing 8 A). The voltage impressed to each line, train, and 
portion in each operation time at drawing 8 B is shown. 

[0016] First, in the case of informational writing, 9V are impressed to lOV and the bit line BLl, 1.5V 
are impressed to a pan at the selector-gate line SGI, and OV are impressed to the control gate line CG 1 
at others. At this time, in the selection cell CIO, it is that 9V are given to the bit line BLl, an electron 
elutriates of the source 2 between drains 4 as mentioned above, and a channel 80 is formed (refer to 
drawing 1 A). Moreover, electric field concentrate between a substrate 1 and a selector gate 20 by the 
voltage to which a substrate called 1.5 V is turned on [ it ] exactly being impressed to a selector gate. The 
electron which elutriated of the source 2 by this concentrated electric field serves as a hot electron. 
Furthermore, since a high voltage called lOV in the 14 control gates is given to the control gate 14, the 
trap of a part of hot electron is carried out to the source side of the N (nitriding) film 10 in an ONO film. 
In this way, the trap of a part of hot electron ("1" is written in) is carried out to the N (nitriding) film 10. 
[0017] In this way, if "1" is written in, the threshold of voltage required for making the channel 80 
shown in drawing 1 A fomi will rise. By detecting elevation of this threshold, it detects that "1" was 
written in. That is, sense voltage is impressed to the control gate 14 as mentioned above, and if a 
channel is not formed between the source 2 and the gate 4 and current does not flow, it detects that "1" 
was written in. 

[0018] Here, if the non-choosing cell C20 is seen, 1.5V are given through lOV and the selector-gate line 
CG 1 through the control gate line SGI. However, since OV which are the source 2 and this potential are 
given to the bit line BL2 and a channel is not formed, there is no possibility that incorrect writing may 
arise. Moreover, since OV are respectively given to the selector-gate line SG2 and the control gate line 
CG 2 also about other non-choosing cells C30 and C40, there is no possibility that incorrect writing may 
arise in cells other than selection cell CIO. 

[0019] Next, the case where the electron by which the trap was carried out to the N (nitriding) film 10 is 
eliminated is explained. In this case, -15V are impressed to the control gate lines CGI and CG2, 
respectively, both bit lines BLl and BL2 are made opening, and OV are given to others. By impressing 
negative voltage to the control gate, electric field contrary to the writing mentioned above arise. 
Therefore, the electron by which the trap is carried out is pulled out and emitted to a substrate 1 by FN 
(Fowler-Norheim) tunneling. In this way, if the electron by which the trap was carried out is pulled out, 
the threshold of voltage required for making the channel 80 shown in drawing 1 A form will descend. 
By detecting descent of this threshold, it is detected that information"!" is not written in fi-om the N 
(nitriding) film 10. That is, if sense voltage is impressed, a channel 80 is formed between the source 2 
and a drain 4 as mentioned above and current flows, it will be detected that informational" is not written 
in fi-om the N (nitriding) film 10. 

[0020] Furthermore, read-out of the information fi-om the selection cell CIO is explained. When reading 
the information memorized by the selection cell CIO, in order to give 3V to the control gate line CG 1 as 
sense voltage and to make a selector gate turn on, 5V are impressed to the selector-gate line SGI, and 
2V are impressed to the bit line BLl. Here, sense voltage is the mean value of a threshold in case the 
trap of the electron is carried out to the N (nitriding) film 10, and a threshold in case a trap is not carried 
out. Moreover, OV are impressed in addition to the above. 

[0021] If the selection cell CIO is in a write-in state, a channel 80 (refer to drawing 1 A) will not be 
formed, and current will not flow between the source and a drain. Therefore, in the sense amplifier (not 
shown) linked to the bit line BLl, current cannot be detected but it reads that the selection cell CIO is in 
a write-in state. On the other hand, if the selection cell CIO is in the state where it does not write in, the 
above-mentioned channel 80 will be formed between source drains. Therefore, current flows between 
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the source and a drain and it reads that the selection cell CIO is in the state where it does not write in by 
detecting this voltage with the aforementioned sense amplifier. 

[0022] Next, if it sees about the selection cell C20, 3V which are sense voltage are impressed to the 
control gate line CG 1, and 5V are impressed to the selector-gate line SGI. However, since OV are 
impressed to the bit line BL2 and it connects with the sense amplifier bit line BLl, read-out is not 
performed in the non-choosing cell C20. Furthermore, in other non-choosing cells C30 and C40, since 
OV are given to the control gate line CG 2 and the selector-gate line SG2, respectively, read-out is not 
performed. 

[0023] In this way, it becomes possible to perfomi informational writing on the N (nitriding) film 10 by 
the side of the source by the hot-electron pouring method, and to perform exact read-out by eliminating 
by FN timneling. . 

[0024] The structure and the manufacture method of trap type memory concerning this example are 
explained below based on drawing. First, the manufacture method of the trap type memory shown in 
drawing 2 B is explained. The O film 8 is formed for a start by thermal oxidation on a substrate 1 (P 
well). Next, for a start, on the O fihn 8, LPCVD is used and N (nitriding) film 10 film is formed, next, 
the N (nitriding) film 10 top - wet oxidization - the - 20 fihns 12 are formed ( drawing 3 A) In this 
way, the first polysilicon contest film 13 is formed on the formed ONO fihn 30 ( drawing 3 A). Next, 
the control gate 14 is formed by ♦*********ing the first polysilicon contest film 13 like drawing 3 B. In 
order to form this control gate 14, in case the first polysilicon contest film 13 is ♦*********ed, an oxide 
fihn 16 is formed by thermal oxidation to the ONO film 30 and the control gate 1 which remove ONO 
films 30 other than under the control gate 14 and which were formed on the substrate 1 in this way 
( drawing 3 C) so that these may be covered ( drawing 3 D). Next, the second polysilicon contest film 28 
is formed on an oxide film 16 ( drawing 4 A). Etchback of this second polysilicon contest film 28 is 
carried out by reactive etching (RIE) which is anisotropic etching, and sidewalls 20 and 22 are formed 
( drawing 4 B). Next, the ion implantation of the As (arsenic) is carried out to a substrate 1 by using 
sidewalls 20 and 22 and the control gate 14 as a mask ( drawing 4 B). Etching removes only a sidewall 
22 after As (arsenic) pouring, and the ion implantation of the phosphorus is shortly carried out to a 
substrate by using a sidewall 20 and the control gate as a mask (drawing 4 C). 

[0025] At this time, As (arsenic) and phosphorus which have already been driven into the substrate will 
overlap and exist in almost all parts. However, only phosphorus exists in the substrate portion BS 1 of a 
portion with the sidewall 22 ( drawing 5 A). After phosphorus is poured in, a BPSG film is formed as an 
interlayer fihn 18 ( drawing 5 B). This BPSG is PSG (Phosoho-Silicate-Glass) which added boron. 
Next, a reflow of the interlayer film 18 is carried out. Thermal diffusion of As (arsenic) and phosphorus 
which were driven in in the substrate 1 on the occasion of this reflow is carried out, and as shown in 
drawing 5 B, the drain 4 of the source 2 and LDD (Lightly-Doped-Drain) structure is formed. That is, 
the substrate portion BS 1 into which only the phosphoms by the side of a drain is driven has thin 
concentration compared with As (arsenic) and the portion into which phosphoms was driven, and it 
becomes n-, and other portions become n+ and serve as LDD structure. This LDD stmcture is structure 
which eases about four-drain electric field. 

[0026] As mentioned above, after forming the source 2 and a drain 4, while carrying out depository 
SHISHON of the aluminum (aluminiun), carrying out patterning and forming the bit line (drain wire) 25 
on the layer intermediate layer 18, a passivation fihn (not shown) is also formed on the bit line 25 
( drawing 2 B). Thus, the trap type semiconductor memory shown in drawing 2 B is manufactxired. 
[0027] Next, the stmcture of other examples of the trap type semiconductor memory concerning this 
invention is hung up over drawing 2 A. Compared with the thing of the above-mentioned drawing 2 B, 
the memory of drawing 2 A differs in that the ONO fihn 30 is formed the whole surface on a substrate 1 . 
However, both operate as memory by performing same operation. The manufacture method of drawing 
2 A is explained below. 

[0028] It is the same as that of the above-mentioned process until it generates the ONO film 30, it forms 
the first polysilicon contest fihn 13 on the ONO fihn 30 and it forms the control gate 14 by etching on a 
substrate 1 (refer to the drawing 3 A, drawing 6 A). However, unlike the above-mentioned manufacture 
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method, the ONO film 30 is not *********ed but an oxide film 16 is fornied on the ONO fihn 30 and 
a substrate 1 by thenmal oxidation ( drawing 6 A). Since the subsequent process is the same as the 
manufacture method of the trap type semiconductor memory of the above-mentioned draadnel B it 
explains bnefly. ' 

?^T°"** polysilicon contest film 28 is formed on the formed oxide fihn 16 ( drawing 6 B) 
Etchback of this second polysilicon contest film 28 is earned out by reactive etching (kfi) which is 

tZ^S?fw' 1^^' ' •t'^'n' l^n ""^ ( drawing 6 C). Next, As (^enic) is driven in 

mmm i using sidewalls 20 and 22 and the control gate 14 as a mask ( drawing 6 C). 
[0030] After dnving m As (arsenic), etching removes only a sidewall 22 ( draMne? A). Furthermore 
phosphorus is dnven in to a substrate 1 by using a sidewall 20 and the control gate 14 as a mask 
(ton&7 B). After dnving in phosphorus, a BPSG fihn is formed as an interlayer fihn 18 ( drawing 7 
Sj'.^p^?^ r, " phosphorus which were driven in at the time of the reflowof 

o?th?. Iffif; T" /"i 'T^^ ^ ^ f°""«d ( drawing 7 rv Also in the case 

of this diffusion, a dram 4 side serves as LDD structure as mentioned above according to the 
concentration difference of the portion into which the portion, the phosphorus, and the arsenic of only 
phosphorus were dnven. ""^-^ 

[003 1] After the source 2 and drain 4 formation, while carrying out depository SHISHON of the 
aluminum (alummum) carrying out patterning and fonning the bit line (drain wire) 25 on an interiayer 
fihn lS, a passivation fihn (not shown) is formed on the bit Une 25 ( drawing 2 A) Thus the tran t^e 

semiconductor memory shovm in drawing 2 A is manufactured ^ ^ 

[0032] 

fnfw °*^*.t ? seiniconductor device concerning this invention, a side conductive layer 

™n^S.j;ri r^f^^ 7^:"^ T "^'^ ^ °" I ^^^^ °f ^^^^^ ' ^^ich can be cable 

^ntTThi ' T'"*"' °^ ^^^^ °f ^ electrode, and is 

S^nS!fn , ' ^ 'r^^^ -'"^^ "°*/^^^hed, even if the high voltage is impressed to a drain side and a 
depletion layer spreads, since It is writing in by the source side. uc «ina a 

[0033] Therefore, it becomes possible to perform exact reading. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the outline of the semiconductor device (trap tyjpe semiconductor 
memory) concerning this invention of operation. 

[Drawing 2] It is the cross section showing the structure of the semiconductor device (trap type 
semiconductor memory) concerning this invention. 

[Drawing 3] It is drawing showing the manufacturing process of the semiconductor device shown in 
drawing 2 B. 

[Drawing 4] It is drawing showing the manufacturing process of the semiconductor device shown in 
drawing 2 B. 

[Drawing 5] It is drawing showing the manufacturing process of the semiconductor device shown in 
drawing 2 B. 

[Drawing 6] It is drawing showing the manufacturing process of the semiconductor device shown in 
drawing 2 A. 

[Drawing 7] It is drawing showing the manufacturing process of the semiconductor device shown in 
drawing 2 A. 

[Drawing 8] It is drawing showing the state where the cell of the semiconductor device (trap type 
semiconductor memory) shown in drawing 2 was combined. A is the equal circuit which combined the 
cell and B is drawing showing an example of the voltage in each part at the time of writing, elimination, 
and read-out. 

[Drawing 9] It is drawing showing the writing of the conventional semiconductor device, and the outline 
of read-out of operation. 
[Description of Notations] 

1 Substrate 

2 Source 

4 Drain 

10 N (nitriding) film 

14 Control gate 

20 Selector gate 

80 Channel 

100 Depletion layer 



[Translation done.] 
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DRAWINGS 



[Drawing 2] 
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[Drawing 5] 
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[Drawing 8] 
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[Drawing 9] 
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i:m^ir^ i 9 (ciit:^ ?>tifc Ku>f :^«Jgc 

SK?l?fi£^H6^«-ht-i5!:»t Yyy ^IK, 
MfcLXg!:J:t^tuT*3»), *iJ^ipme©ft'JiiJcf»Jt9S«i:«6 

[0001] 

[0002] 

-y-^mt UT(4. ONOm (Oxide-Nitrid 
e-Ox i de) ?>tl.-Cl^5„ r.<OONO)R<0 

t?*>9#mKt?*)5. **3, ^SIgt?*>5N)SH:iKib)BI 
[000 3]|il9A. 9 BJ;iONOJ^S:fflV'>fchy y::^ 

0XtJl!m-O)^l 2) ;^7^fi£$tb-C*5 5, ^(D±*tC^J 

[0004] rcObys'T'Sp'^y 2 0 0W*jiMSW 
«5ISrlil9AS:fflV>TSiM-f-5. y-;^2 
d»?> KU'-Y>'4lc«^;iSS!t|il$ix5r t'C^-y^^i'/iSJi^ 

ovi: u-C Ku-'(':^iifi^<'?N (S'fl:) 1^1 etches':/ 

[000 51 -if. m^(DW^^. Um^- M 4 JCA 

(@9B#fiP.) c ft^^^tliLfi. ©JiSli-^"- hlc-fev 

4^/^*SJ^^^£$i^,<c^^4^li, " i" *5Sii*n-Ct^S;ifc 
tf, ' 1" iJSS>i*ix-Ct^<cv^ r 0" T-feS) rirSr 



[00061 

[5IM*5ftlftUJ:5i:i-5^Sl U*»U h9 

(S^k) ^1 0« Ku-Y V4ffi!Hcm^«r3J^5' b^i^^.b 

W^lt, V4^cJtt!^6<Ji«V^SBE?^TOPb■C ^7S' 

-Y V 4 fciaSJE5:PP)!lP-r^) t . El 9 B tc^f J: 5 K 
V4 ^iaroSS 1 rtlc^^S 1 0 0 iS?ig^$irT U* 

[0 0 0 71 r.©^s.s 10 0;65je:i5oxu*i\ H^^ 

N mt) 0(cfl;^-;i5h7s'^^i:ixT*J>)*3fEf-^ 

10 0 *Si£AS 9 , LSrtr/j; 5 :i t *J 

[0 0 0 8] *«MttjE{fe'fcSEi^fWbS:fT>^f 5 

[0 0 0 9] 

[giffi*«»!:-t-5fc*(73#ai nim 1 

Stt, S«i^tc^ttb*tfcy-;^^igt. W&\H\m\'fh 
y - ;^ {Bl<D«^ill^fiE nr|g««±lcmK?15j* "TtfeM^ iffe 
[0 0 10] 

[00 11] Lfc;dSoX. y->^ffiaT♦Sii*^S^^f^i^oT 

o -Cfc y -^^ 5 w i: ^, 

[0 0 12] 

lfi«»lSr02Blc«lfT, ^<om^^fim-ti>, PS«« 
1 i*jlcH:y->^®^-efc5 y-:^ 2RX} K W 
LTroKH'V4ii5?F$^$tvXtJ'5, S«l±{c«:h7 

y:rmii\.x<r>^-mm^. n (g{k) iSio&ir^ 

60 -m{mi2ifii&^^t\,x\i^i, (rrom-K^kffis, N 
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3 

lay- H 4 wftilBlcttfiS^m^ i: LTwa^'j!'- h 2 

[0 0 131 j9:tc, lil2Blc^Lfch7s':/S¥.^*^ 

^ft^-iE-y {iltsv-CH:. KW'-r >'4fiS&tJ«»JS|iy— h 1 
4tCfi®E^PPSDL. y— ^ 2lC0V4r^^Ip-f Swt 
T% y-;5^2A-e) KW:^4»c«^i5s^tiiL. y-;^ 
2, KW"('>'4Klc«te?i^fiKWI6««i: UT«^lr^/w 

8 0SrJK^-f^5o rr-c. y-;^2ffi!ncisntfettfcm 

y- h 2 0 1 *s*> J: 5 t*ON4^tffi{c/i5Saro« 

i\ h 2 0 rajcmifds^'f'-rso y-^ 2 

T^SCO-^. 5}>3/ baiW^' ho VCD— IfPliONOKrt© 

N {^-ft) IKi 0<'5y-;^fl!l»::>9s'>^$ix5o 

[ Q 0 1 4 1 N mt) mio\cY7 y^^^Mcm^i: 

iS^^«ffiS^S^APL.•C<>. S^SttS^^s h7 s'T'^tvC 

i^jc, KW>'4<D3fi<^»c^^g 1 0 0;asii:;a5oT 
t» N (H-fk) JKi owy-><.ffilii*T-j£^55»;S5/j; 
<. N (^-fk) )Ri o»c«^«s h7 3':/^ixTv^5 (" 

[00151 jJcJ;:, *lllfi^J© b 7 s'^®¥^^*^^< * V 
rT-H:> -fe/wc 1 0 5r1tffi5r»i^.;Zf, tB*St/K^ttlL 
3 0X0«C4 0) Sr^SSl-feA'irf i (08 A) . @8 

[00161 , ©JiSf '5'- h 

ISCGHCIOV, h9-<>'BL 1IC9V, 

il^y- mSG UCI . 5V5rRJ^nb. ^tOfiUc 
ttOVSr^^-rSo roirt^, SS^-lr/wC 1 0^ct3^^T 



-hm»4l. 5Vi:V>e»S«;6S*>J: 5ifONtC/iSaiI 

i5E|]^p#i^5 r t i , SJiy- h 2 o ffiJcmif^s 

b 1 4f-\';^^>'^;S5SlJ^S|'/-M AKiOVt^^oMMS. 

NOlKrtON (Hik) Ml 0©y-;^ffl!HJ:b7s'7'$tt 
10 5, roUT, N (S-fk) ^1 0{C*s/ b^W'^' hnv 
o-gP;iSb7S'7' r 1" d5»ii44x6) $^^^>. 
[00 171 r 5 b-C. " 1" laiA 

[0 0 181 :i;ix% ^m^±/i^c2o^mi>t. mm 

20 y-biHSGlSriiC-Cl OV. SSiy-hit6CGlSr 

iiDTl. 5 V^s^xbtbTV^So e5^h7'l' 
^-B L 2 JCtty-;^ 2 t IS)m{&-Cfe5 0 V;4S-^X.feixT 

«iSS/jr^\ 4fc, fi&ro|^S*4-t:/UC 3 ORXfC 4 OtCffi 
LTfc, S^y-b«SSG2. «lJt»-y-hSgCG2»C(4 
0 V!iS4■;tb^^■C^>5<^)-e, S=K-fe/i'C l OW^w 

[00 191 N (S-fk) Ml OJCb^S'T'^nfc 

hfs' h7>ryBLlSitrBL203M*Sr^-7'VtJ: 

^<?3«lfc»40V%J^x5„ ^Ji»'>'-h»c:ft(DS]E^ 

fciJSoT, h7 s'y$i^T^'>■5S^ttFN (Fowler-Nor 

heiiB) bi^^y >'^tcJ:oT««H::5ltil$ix. 

|g| 1 A\C7fii-^^:^/U8 0 5^J^^E^•ti:SW^Ci^:^S7:eSJE 

ztx. N (mt) miop^h^m" i" 

:^;^Sff^TODLT. y-x2 t KW>'4PfltJ:^-v4. 
/i'8 Oi4S0^$tt, N (^^k) ®i 0 

[0 0 2 01 S*i-fe>'i'Ci o*^?>(DiW«OTR;^*. 

fflLlcoi,>T§iWf5. a*i-fe>'uci oicS16$ixfc1t 
»SrgE*ai-f-*g-. flirj»y-M»CGUc-feV>^®aEt 

-bi»SGlJC5V. Ify h7-f VBLllC2VSr^J!ro 
60 -fs. rr-e, •fe>';^Sffi:H:, N (^-fk) ffiiojcs 



5 

[0 02 11 asi^/i'C 1 0 i6s»ji^*ffi-efctttf , 

4^/U8 0 (EllA#Rg) H:?l^fife$tff, y-;^, Kw^T 

Ul-r2>:ii:«s-c#-f, S*i-fe/wc 1 0 
5wi:SrgEi5^5t5. jlj^-fe/wc 1 0;4S^*ii^i^ 

i:T\ SlR-fe/wC 1 Ois^^Sii^'^^tffi-CfciwirSrSS^ 

[0 0 2 21 J3clcSJl-fe/WC 2 OtCol/^XMSt, 

i^^y- h^ftSG UdJiS V>i5^^P^?ixTt<^5o 

L, tr?' h7-(':/BL2{cj±OV;65pnAP$4xX*3t), -fe 

^btc. ■ft!ico^^^ir/wc3 os^;«c4 0(c*5v^■rtt. 

[0 0 2 31 r 5 LX. •ISSWllii^SrJ^s' h^W^' h 
nviiA:i^SCfcJ:Sy-^(l!)wN (S-fb) l^iotctf^c 

[00241 *lli60iJti#^ h 7 y ^ U (ommR 

mi om^M^-ri>o j5ct-> n m^t) mi o±iz<y:x.. 

hmit\cx^xfS-om 1 2 Srj^fiet- 5 (0 3 a) , 
r 5 L-cjgfi£LfcONo^3 o±jc^-#y->y =rv)^ 

1 3 SrJi^fig-r?) (EISA) , ^\c^ ^-:^Vi^V='ym 
1 3 5:03 B« J; 5J-^S'^>'i/-t-5-i:-C«iJINiy- b 
1 4 r <o«iJ|J?y- M 4 SrJlg^i-S^Jc:^ 

3Sr:ts/f^v^^-r5^J::, «Ji»-y- 
M 4T£*^1'WONOJ^3 (030) ^5 

L-CSte 1 ±tc?i^fi8$ixfcONO]K3 0 M 
r ?> S:« 5 <t 9 icK^klg i 6 i:mmitic i o 

xm^i-^ m3D) „ jJciJi, ^^k^i 6±tcm~#!/ 
'yy^:^m2B^mm-^ m^A) . w©m~^y v' 

3^y^-yif (R I E) tCioT^y^^^S'^ K 
^>;«~/U2 0Sa^2 2S:?F^^-r5 (134 B) „ ^ 
^ Y^it-/^20. 2 2Xl/$«^y— M 4?r-^^^i: 



(4) 

4B) o As (O-^) aAm, f-'T K!>;i— /U2 2fc*Jt 

i^SA-rS (04 0) . 

[0 0 2 51 :iWBf, KtcS«Jcftii*ix-ci/>5As 

t*^U. Kl>*-/W2 2<0fc-5fcgP:»cDS« 
gP^^BS Uctt#fU*M¥:ffiL/j^^^ (05 A) , jP«5&A 
^ixfc^. gP^l^l 8 t bTBP SGffiS:?l?fig-r?. (0 
10 5B) c wOBPSGtJisKnv^r^APtfcPSG (Ph 
osoho-Silicate-Glass) <7? w i: "T?$)S. jSfctCs WISKl 

-f i-OK. V — 2 t LDD (Lightly-Doped-Drain) 
<Dm(r>:ff.f)mii>±tiX\,^i>WR^i^B S 1 H:A s (U 

LDD«igi:tt, KW:^43fi«roftffSrieft-r5«)S 
20 Xhi>o 

[0 0 2 61 ±fB(Dj;^(C, y—y^2RXfh'U-(>'4i: 

3J?'>->3:^U, ^i^^LTtfs' (KW 

Vi^) 2 5 ^m^-r^ tt^\C, y< y i^^- y H 
(0jn-tir-f) i^iTy h7^>'2 5±im^-r^ (02 
B) , roJ;5t-L.-C. 0 2B{c^-t-h7S'7'®i|i^^«: 

[0 02 71 jJctJl, f 7 S'7'M#^«^P' ^ 

y <Dflil<73||ifiM<O«^Sr0 2 A(C^»f 5, |fF5E<^0 2 B 
30 wt«iit'<Si:02A<D>^y «i««l±<o^S»J:o 
tiOm3 0i)m^^tlX\,^i>Axmt£i>o L*»L, M# 
ttl^^rotbf^Srfi^/i 5 r t T'^ ^ y t L-CSif^-rSo til 
Ttc0 2 A«]Kjg:fr&Sr|jie^-t-?., 
too 2 81 S«l±»;iON01K3 OSr^fiEt, ONO 
JB[3 0±(C||-3Ky v'y rJVBSl Zi:J^^LX:^yf-> 
i ij h 1 4 i&Ji^^r * T'rt:M5iEcDlSi: 

mm.xh^ (03A#p,. 06A) . fcfcu, ffii^wii 

IS 1 6 SriKiKYtJi: J: 9 ONOJK3 0 1 ±fc?g 
40 fig-rS (0 6 A) o ^<0^roXS«:. M5fi<O0 2B<Dh 

1 0 0 2 9 1 LfcSs^t:^ 1 6 <o±{c^- jj? y y 3 
>'m2 8i:WM-ti (06 B) „ rw^-j^y v-y 3V 

^2 85:, m^tt^s'f'^'^TfoSyT^T^-fya^s'f' 
(R I E) icJ:<}X^y^y<iy^ ■y-'f K»?*- 

/P2 o&tf 2 2 5^ffM-t-5 (0 6C) o J5:»-, •y--r Kl> 

d~>'W2 0, 2 2St/$ijai'/- M 4Sr-^:^^' i: LT, 
S«UcSstUAs (O^) SriTiitf (06C) , 
50 to 0 3 01 As (V-m) SriTiiA/fc^, -^-f h'^:i— 
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yW2 2fc*ltSr3is'f^>'^^fCj;o-CBj^*-r€> (07A) . 

^tU-C, S«llc>PfL^5rff32itf (1217 B) . ^«rfl 
jiA/fc'^, 1 8 t bX B P S Qm^l&^-f^ (0 

7B) o -«>BPSG)g<oy7n-^{C, iTiiStvfcA 

lisji^fiR^tT'S (0 7C) „ :i(Oj£ti:ro^jcfc. Kv^v 
K^JJi-t-^T, tfr5E©J:5t-LDD«jgi:'tc5o 

[00 3 11 y-y^2Rt/KL''r>'4?i^^^, Bi^mi 

=>'^^UXtr5' (KWi^iiS) 2 5 
> > 2 5 ±lcji^fiS;-r5 (13 2 A) „ roJ;5«cLTB12 

[0 0 3 2] 

[0 0 3 31 LfciiJoT, sEmfiWA-MK) ^nfi ^ r 
[|llSrof5*/£lftPJl 

[mil ( h 7 S'T'S^^fl^^ 

[@2l 



(5) 

[g| 21 ( b 7 

[H 3 1 121 2 B tc^-t-^5^^^1i:$IM«$!!itxmSr*i-BlT? 

[m 5 1 0 2 B \z.n^-r^M^mM.<om^TMi:7T^^m-^ 
[11161 ia2Aic^-rH^#«^^swS!itxss:^-ria-e 

[0 71 02AIC^-rN^^^«:pl««iJigXgS:*-r0T- 

[081 m2\z.m-r^m^^u (h^j/r/M^^t^p** 
[0 91 ^^<D^mwmw<omihyi-Rx}myf-^ u^afp 

[??#ro|ji?gi 



20 1 

2 y— ;^ 

4 v\^'i'y 

10 N (g-fk) IS 

14 Wffiiy- b 

2 0 SS^y- b 

8 0 • • • • • ^^r^''^ 
10 0 ^^Jg 
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[1119] 




100 



